). Cette étude a permis de montrer une différence significative du taux de croissance entre les deux sexes de cette espèce.
INTRODUCTION
The bluemouth Helicolenus dactylopterus (Delaroche, 1809) (Pisces: Scorpaenidae), is a deep-sea scorpion fish living in the coarse and mud-sandy bottoms of the continental shelf and slope from 20 to 1000 m (Fisher et al., 1987) . Consoli et al. (2010) indicates that the bluemouth H. dactylopterus occurs in the entire Mediterranean and is widely distributed in the eastern Atlantic, from Norway south to the southern tip of Africa, and in the western Atlantic from Venezuela north to Nova Scotia. The Scorpaenidae was represented in Tunisian waters mainly by six species: Scorpaena porcus (Linnaeus, 1758), Scorpaena scrofa (Linnaeus, 1758) , Scorpaena notata (Rafinesque, 1810), Scorpaena elongata (Cadenat, 1943) , Scorpaena loppei (Cadenat, 1734) , and H. dactylopterus (Delaroche, 1809) . This teleost fish had an important economic value in Tunisia. In Tunisian waters, this species is exploited in deep-sea fisheries and it is captured especially with gillnets and it appears in the catch of bottom trawl. The study of H. dactylopterus population dynamics is important because the depletion of this large-size sedentary and slow-growing fish can be an index of the overexploitation of fishing grounds (Pirrera et al., 2009) . Besides, the investigation made on Atlantic Ocean and in many region of the Mediterranean Sea, several authors studied age and growth of H. dactylopterus by mean of model progression analyses and otolith reading (D'Onghia et al., 1996; Massuti et al., 2000; Ragonese, 1989; Ragonese and Reale, 1992; Romanelly et al., 1997; Ungaro and Marano, 1995) but no age and growth data are available from the South of this area. For the Tunisian waters, there is currently no information on age and growth of bluemouth. In spite of differences in maximum age and growth parameters, all authors seem to agree that H. dactylopterus is a slow -growing and a long lived species (Consoli et al., 2010) . Sizes of this species are larger in the Atlantic Ocean, above 40cm than in the Mediterranean Sea where it reaches a maximum total length of 36cm (Massuti et al., 2000; Morales-Nin, 1989) .
In the present paper we estimate the age and growth patterns of bluemouth H. dactylopterus by means of whole otolith reading in order to contribute to the knowledge of the population dynamics of this species in the northern waters of Tunisia (central southern of the Mediterranean Sea).
MATERIAL AND METHODS
H. dactylopterus sampling was carried out from January to December 2010 in the North of Tunisian waters. Specimens were collected during several scientific bottom trawl surveys made by the research vessel of the National Institute of Marine Sciences and Technologies "Hannibal" and also from commercial landings (Fig. 1) . Fishing operations were conducted between 60 and 600 m in order to collect juvenile and adults. A total of 513 fish were sampled: 138 females and 260 males. In the laboratory, each specimen (total length-TL) was measured by calliper to the nearest 0.01 cm and weighed to the nearest 0.1 g, and the sex was determined by macroscopic examination of the gonads. Age of 509 specimens was estimated using otolith readings and interpretation of annual growth rings. Right otoliths (sagittae) were removed from the vestibular apparatus from each fish, cleaned and dried. Before observation, Sagittalotoliths were immersed in a solution of glycerine, ethanol and water for 4 hours (Consoli et al., 2010) . Readings were carried out with stereomicroscope under reflected light.
For each otolith, the total radius and the radius of different marks (R1, R2, R3, R4 ... Rn) were measured using an image analysis system (OPTIMAS 5.1). To determine the periodicity in the formation of the rings, the marginal increment method was applied by using the formula (Ben Abdallah-Ben Hadj Hamida et al., 2016) :
Once the rings were considered to be annual, each specimen was assigned to a year class, taking into account the data of capture, the annuli counts, and their formation period, as suggested by Massuti et al. (2000) . Age was determined separately for males, females, and combined sexes including immature specimens.
The relationship between total fish length (TL) and the radius of the otolith (R) was estimated using linear regression model. A logarithmic transformation of the variables was made to reduce the variance related to size. The Von Bertalanffy growth equation was fitted to the length-at-age data obtained from otolith readings by the Quasi NEWTON non-linear method. The growth performance index Φ' was employed to compare growth rate (Munro & Pauly 1983) . Additionally, growth parameters (L∞, k, t0) were estimated by fitting age and related length data into the theoretical growth model of Von Bertalanffy (1938) :
Where "Lt" is the total length at age t (years), "L∞" is the predicted asymptotic length, "k" is the instantaneous growth coefficient, describing how rapidly this length is achieved, "t0" is the theoretical age at zero length (years).
For estimation of growth, the mean lengths of individuals assigned to each age group were used to fit the Von Bertalanffy growth model and were determined by the method of back-calculation by using the formula:
Where L is the length at capture, Li is the length of the i th mark, R is the radius of the otolith and Ri is the radius of the i th mark (Chemmam-Abdelkader, 2004 ). In addition the growth rate was calculated as:
Where Li is the total length of the i th annulus and Li+1 is the total length of the (i+1) th annulus.
The weight-length relationship was calculated using the exponential equation:
Where "TW" is the weight (g), "TL" is the total length (cm), "a" is the intercept of the regression line and represents a coefficient related to the body shape of the species, b is the regression coefficient and indicates the isometric growth when equal to 3 (Anderson and Neumann, 1996) . Estimation of parameters "a" and "b" was carried out by transforming (ln) the equation by linear regression. To check the theoretical isometric (b = 3) or allometric growth (b ≠ 3) the Student's t-test was employed.
The analysis of variance (ANOVA) was used to test variability between the growths rates of both sexes. The Student's t-test test was performed to compare length increases in each age group. Differences were considered significant when the α-level (risk level) was 0.05. The curves adjustment and the variance analysis were performed using Statistica software package for Windows (8.0).
RESULTS
The total length of H. dactylopterus specimens ranged from 8 to 30.6 cm. The larger female and male measured 28.3 and 30.6 cm respectively. The sample was composed mainly by female (50.7%), while male and undefined sex with indistinguishable gonads that could not be sexed represent's respectively 26.9 % and 22.4%. A significant differences were observed between the mean sizes of male and female (p<0.05). Males attained a larger size (up to 30 cm TL) than females (p<0.05).
From the 513 specimen of H. dactylopterus sampled, 509 were used for otolith readings. The rest were either broken or difficult to interpret and were considered unreadable. The otoliths readings showed a hyaline rings that alternated with opaque rings, which can be attributed to slow and fast growth periods around an opaque nucleus (Fig. 2) . The first pair of rings was wide and lay down with decreasing thickness. However, the otoliths from adult fish shows that the rings in the outer portions decreases in width, becoming very regular and equally wide. Fish total length (TL) and otolith radius (R) were closely correlated (Fig. 3) . The relationship estimated for all individuals using a linear model was TL = 1.193R+1.841 (r 2 =0.945). The monthly development of opaque and hyaline marginal rings in H. dactylopterus otoliths showed many fluctuations throughout the year (Fig. 4) . Marginal zone analysis revealed that the marginal increment (MI) dropped in November and stayed low until July (ANOVA, Tukey's post hoc, P < 0.05). During this period higher percentages of otoliths with hyaline marginal zones were observed. From July, the MI increased, reaching a peak in October, and then decreased. In fact, only one clearly defined peak was observed during the annual cycle, therefore one hyaline zone was deposited per year. The opaque zone was formed during summer and autumn. It was assumed that each translucent ring represented an annulus with a year's growth accounted by an opaque and its adjacent hyaline ring.
Figure 4: Monthly variation of marginal increments at the otolith of H. dactylopterus from the North of Tunisia
Analysis of 509 otoliths permitted an estimate of a maximum age of 9 years, but specimens aged more than 8 years were uncommon in this study area (Tab. 1). A large length range was recorded for each age group. Majority of samples belonged to the 2nd and 3rd class corresponding to an average of lengths between 14 cm and 20 cm. The lengths by age class are verified by marginal increment analysis. Retro-calculated total lengths at each annulus formation are presented in Table 2 . The growth rate is high during the first two years and it decreases gradually with age. The parameters of the Von Bertalanffy growth curve fitted to total lengths at age estimated are summarized in table 3 (Fig. 5) . The theoretical asymptotic total length (L∞=37.17 cm) gave results higher than the largest specimen (TL=30.6 cm) in this study. The value of the growth performance index obtained for all individuals was Φ'=2.292. The mean length at estimated age class of H. dactylopterus suggests that there is a marked difference in growth rates between sexes (Tab. 3). Males growing is slightly faster than females and they reach a larger size (p = 0.001<0.05). The analyses of estimated sizes by age groups using otolithometry and verified by marginal increment analysis are in concordance with sizes obtained by Von Bertalanffy method (Tab. 4). Additionally, we recorded that the growth of H. dactylopterus is slow and regular in time which is a characteristic of fishes that live in deep and cool water. The larger female and male measured 28.3 and 30.6 cm respectively. Significant differences between male and female average sizes (p<0.05) were observed. Length frequency distribution of H. dactylopterus indicates the presence of different cohorts (Fig. 6) . The total average sample length is 16.7cm. The structure of samples showed nine modes corresponding to the nine age classes deduced by otolithometry method.
The morphometric relationship between total length (TL), fork length (FL) and standard length (SL) were determined for whole population (Tab. 6). The analysis of the equations between lengths showed a strong relationship as demonstrated by the high values of R 2 . The relationship between the total length and the standard length showed a positive allometry, however it was negative between the total length and fork length. The total weight-length and the eviscerated weight-length relationships estimated for H. dactylopterus in the study area are summarized in table 6. Weights did not increased isometrically with size, since the values of b have a significant difference from the value 3.0, as confirmed by the Students t-test. The allometry was negative indicating that the weights grow slowlier than the cube of the total length. 
DISCUSSION
In this study, otoliths appear to be a valid method for ageing H. dactylopterus. Similar results have been obtained by Isidro (1984) and Massuti et al. (2000) . The high percentage of opaque rings in summer and autumn, attributed to a fast growth period, could be due to temporal variations in food resources and their influence on the feeding and activity patterns of the species. Presumptuous the annual periodicity of otolith growth rings, our data suggest that H. dactylopterus is a long-lived species, with numerous age-classes in the population. Additionally a high percentage of the sample studied consisted of fish between 9 and 21 cm TL, corresponding to young recruits and juveniles from 1 to 4 years of age. This abundance of small fish in the samples might be due to the method of capture. The pattern of increment deposition was similar to that described by other authors (e.g. Massuti et al., 2000; Sequeira et al., 2009 . Several studies on this species suggest that the growth increment including one opaque zone with the adjacent translucent zone can be considered as equivalent to one year of life (Abecasis et al., 2006; Consoli et al., 2010; Massuti et al., 2000; Ragonese and Reale, 1992; Romanelly et al., 1997) . This calcified structure was chosen because it has a good legibility and regularity of its growth mark patterns and it gives good results of observation (Chemmam-Abdelkader, 2004) .
The growth parameters obtained in this study showed some differences compared with those reported from other Mediterranean areas (Tab. 7); however, the Φ' values obtained are similar (Consoli et al., 2010 : D'Onghia et al. 1996 Kelly et al., 1999; Mamie et al., 2007; Massuti et al. 2000; Peirano & Tunesi 1986; Ragonese and Reale 1992; Ungaro and Marano 1995) . The variability of the growth parameters could be due to differences in the range of sizes sampled, the methodology applied and the characteristics of the study areas. As suggested by Pirrera et al. (2009) , the estimation of growth parameters is strongly affected by sampling gear as well as by bias of age estimation. On the other hand, asymptotic sizes found by Abecasis et al. (2006) , Sequeira et al. (2009) and Paul and Horn (2009) are higher compared to our results. It is clear that there could be some differences between growth characteristics from one area to another for reasons of food availability, hydrographical and climatic conditions, and fishing mortality rates. Additionally, the differences can be explained by the spatial and temporal variability, as well as the sampling period.
Moreover, we report differences in H. dactylopterus length between populations in the Mediterranean Sea. It could be due to the different fishing pressure in the study areas, to the maximum sampling depth, and also to the fishing gear employed. In fact, according to Massuti et al. (2001) www.gjournals.org -30,6 8,3-28.8 8.3 -30.6 Tunisian waters (Mediterranean) Present work higher bluemouth longevity in the Atlantic Ocean. The difference of longevity between specimens from Atlantic Ocean and Mediterranean Sea could be due to the different age reading methodologies as those authors used thin-sectioning whereas we used whole otoliths. H. dactylopterus can attain more than 30 years of age, it is a long-lived species (Massuti et al., 2000) . Data related to the life span of this fish are influenced by methods used for estimation such as whole otolith readings or sliced (Abecais et al., 2006) and length-frequency distribution analysis. D 'Onghia et al. (1992) indicated that the length and age of H. dactylopterus is well correlated to bathymetric distribution. The differences of maximum age estimates are very important for management because the exploitation of the species is correlated to its life history (Denney et al., 2002) . According to Pirrera et al., (2009) , the blue-mouth rockfish are vulnerable to overfishing because of their biological characteristics (long life, large size, late maturity, slow growth and low mortality rate) and are strongly exploited by trawling fishing. The length at age analyzed in this research suggests that the population is made up almost exclusively of juvenile individuals (0-4 years), this result was similar to that obtained by Pirrera et al., (2009) . The larger animals (up to 20 cm TL) can reach up to 9 years of age. D 'Onghia et al. (1996) indicated that the estimation of growth parameters through frequency distribution underestimates the growth rate of younger fish and allows only the few earlier age groups to be identified. Additionally, these authors affirms that recruit reach the edge of the continental shelf during spring and move toward bathyal grounds as they grow. The growth performance index (Φ') values, with coefficient of variation of only 16% indicate that the growth potential in the different areas of the Mediterranean and Atlantic are quite comparable. Additionally, the differences in the values of growth parameters obtained between sexes might indicate that sexual development and life strategy affect the growth rate of this species. Same observation was reported by Massuti et al. (2000) indicating that males grow larger than females. The reproductive effort, considering the bioenergetic constraints of the energy budget of the organisms, implies reduced growth rates of females (Gunderson, 1997) . The viviparity of H. dactylopterus, in conjunction with the development of a gelatinous matrix within the ovary to cover the fertilized eggs (Washington et al., 1984) , the low fecundity of this species, and the relatively large eggs Massuti et al. (2000) imply that females have a higher energetic cost during reproduction than males, and these factors could form the basis of differences in growth between sexes.
The length-weight relationship describes a negative allometric growth for H. dactylopterus in the study area, in contrast with other studies made in the Mediterranean Sea (Tab. 8) where the results reported an isometric growth (Consoli et al., 2010; Massuti et al., 2000) . Finally, the growth parameters obtained in this study are reasonable because the theoretical maximum length is larger than the size of the biggest fish sampled, with the correlation found between total length and otolith radius suggesting the potential use of otoliths for estimating the age and growth of H. dactylopterus. On the other hand, along the northern Tunisian waters, H. dactylopterus is mainly caught by trawlers which do not catch very small size of individuals (<8cm). Furthermore, this species seems to be overexploited. The overexploitation of H. dactylopterus in the study area was caused by low growth and absence of very large individuals. This study provides new information on the biology of the bluemouth H. dactylopterus in the north sea of Tunisia, contributing to the knowledge required by resource management . Nevertheless , more research effort should be done in order to study reproductive biology which may be considered for decision-making on possible ecologically based management strategies of the species' fisheries in the study area.
